This study was carried out in order to determine the indoor air quality of the classrooms existing in university (Turkey). Relative humidity, temperature, carbon dioxide, radon, and particulate matters (PM 0.5 , PM 1.0 , PM 2.5 , PM 5.0 , and PM 10 ) were taken into account as the parameters of indoor air quality measurements. The results obtained from the present work were interpreted by comparing them with the standards of different countries. The relations between all parameters were statistically examined by means of correlation and regression analysis in SPSS 17 statistical program. As a result, it was observed that indoor temperature was lower than the standards, yet carbon dioxide and PM values were higher than the upper limit, but relative humidity level was within comfort conditions. The average indoor radon concentrations were found to be below the recommended reference levels for International Commission on Radiological Protection (ICRP), yet it was seen that the results were relatively higher in comparison with the worldwide values. In addition, it was determined that there was a meaningful relation between outdoor relative humidity, indoor relative humidity, and particulate matters in different diameters. Some solutions were suggested for the treatment of the indoor air quality for each parameter.
Introduction
Indoor air pollution is defined as the existence of pollutants (particulate matter, volatile organic compounds, inorganic compounds, biological, physical and chemical factors, etc.) in indoor air of nonindustrial buildings. These pollutants have a negative impact on human body. To protect and prevent the individuals from the negative health effects of pollutants, "Indoor Air Quality" has been developed as a research field.
According to reports of World Health Organization (WHO), people in urban areas spend about 90% of their time indoor, that is to say, 70% in workplaces and 20% in their houses [1, 2] . According to the data of Environmental Protection Agency (EPA), the level of indoor pollutants is 2-5 times more than that of outdoor pollutants [3] .
Recently, indoor air quality has become a parameter needed to be emphasized at educational institutions. Almost all students are exposed to indoor air in school buildings during their educational life. In these institutions, pollutants from several sources affect health, comfort, and performance of students and employees in a negative way, especially, due to the harmful impact on memory and concentration of students, students facing learning problems [4] . Classrooms and school environments are highly polluted because of the following reasons: crowded classrooms, short break times, low ventilation during breaks, inadequacy in providing fresh air, absence of mechanical ventilator, unplanned construction of ventilation system, factors bringing pollutants from outdoor, the existence of impermeable windows, and high radon levels. The reasons of existence of radon in indoor spaces are underground waters and building materials containing radon. Radon enters indoor through gaps around drainpipes, sewer pumps, and cracks in the connections of wall tiles. The amount and density of radon indoor are related to several factors such as concentration of radon in surrounding rock and soil, the amount of radon in soil around, porosity and permeability of soil, existence of ventilator or heating, ventilating, pressure difference between soil and 2 Advances in Meteorology building, or stack effect between different places of the building.
When studies on indoor air quality in educational institutions are examined, it is seen that the concentrations of pollutants are determined, and the relations between them are discussed. For instance, the relation between CO 2 concentration and student absences was investigated [5] . Lin and Peng (2010) evaluated the state of knowledge all over the world regarding PM 10 , PM 2.5 , and ultrafine particles in classrooms of elementary schools [6] . Branis et al. (2005) studied correlation coefficient between PM 10 , PM 2.5 , and PM 1 concentrations in three different points in a classroom for 12 hours [7] . Bayer et al. (1999) searched the factors having negative impacts on indoor air quality in schools [8] . Mcleod (2008) statistically evaluated the values of CO 2 , temperature, relative humidity, and total concentration of fungal spore in a school [9] . Smedje et al. (2006) carried out measurements of PM 10 , PM 1 , NO 2 , and O 3 values in indoor and outdoor environments of schools in Switzerland [10] .
Besides, the levels of indoor air pollutants were determined and their effects on health were analyzed in other interior environments. Hazar et al. (2014) evaluated the perceived risk of exposure of indoor residential radon among health care providers in urban and rural health centers [11] . Vimalanathd and Babu (2014) studied the influence of indoor environment on the performance, productivity health, and well-being of office workers [12] . Zong et al. (2012) measured particulate matter with a diameter less than 2.5 m, elemental carbon and organic carbon in the kitchen, bedroom, and outdoors of a rural environment and nonsmoking household [13] . Hwang and Kim (2013) evaluated the indoor air quality in Open-Plan Offices [14] , and Tan et al. investigated indoor air pollutant emissions due to energy use in residential buildings [15] . Dasgupta et al. (2006) employed regression analysis on data after observing PM 10 value in Bangladesh [16] . Bucur et al. (2015) assessed the air quality inside a wooden church in Bucharest [17] . In China, Xiang et al. (2016) investigated the indoor air quality in kitchens where traditional stoves without chimney, improved stoves without chimney, and LPG stoves are used [18] .
In addition to such studies essentially focusing on indoor air quality in various environments, the present investigation aims to exhibit how much outdoor air pollutants affect indoor air quality in Batman (Turkey) city which has second of worst outdoor air quality values according to PM 2.5 annual mean in Europe [19] . For that purpose, the indoor air quality in the classrooms of Central and West Raman Campuses in Batman University was determined and some suggestions to improve the quality were proposed. Indoor and outdoor measurements were performed simultaneously; and temperature ( ), relative humidity (RH), carbon dioxide (CO 2 ), radon (Ra), and particulate matters in different diameters (PM) were considered as indoor air quality parameters. The same parameters were used for outdoor air. Data obtained for these parameters were used in regression analysis. Due to the absence and scarcity of such investigations regarding the aforementioned issues in Batman city and the study region (southeastern Anatolia), respectively, it is believed that the present work would set forth a significant source of knowledge for future studies to be carried out in the region. [20] . Measurement points were selected on the ground floor and basement since the most important contributions to indoor radon come from outside air and diffusion from the ground. Detector was kept on in a classroom at a distance of about 30 cm from the wall and 1.5-2 m high from the floor for about 24 h in diffusion mode. The present time was set at 10 min measurement interval and the average value was recorded. The 88 data points were taken from each classroom which might present an idea of the diurnal radon variation inside. Moreover, particle concentration, temperature, and humidity were quantified with Lighthouse Handheld 3016 IAQ. This device has 4 million particulate/ft 3 concentration and 1 CFM (2.83 LPM) flow rate. It can measure particles within a range of 0.3-10 m in size, in the range of 0-50 ∘ C temperature and with a range of 5-90% relative humidity.
Materials and Methods
Depending on particle diameters, PM 0.3 , PM 0.5 , PM 1.0 , PM 2.5 , PM 5.0 , and PM 10 can be measured simultaneously in 6 channels, with temperatures between 0 and 50 ∘ C and humidity level between 15 and 90 RH%. These parameters were also quantified simultaneously for outdoor air.
Measurements were done twice a week, and the equipment was used 1 meter above the ground to get a reliable measurement. In addition, 4 different measurement points were selected in the classrooms after the course started and measurements were conducted during the course. Measurement times were set between 08:00 and 09:00, between 13:00 and 14:00 and between 16:00 and 17:00. Then, the data obtained from the measuring points were analyzed to where the pollutants were exposed (glass, door --WHO - edges, wooden furniture, etc.) and their average values were calculated.
The Features of Central and West Raman Campus.
Central Campus, one of the test locations, is located on a highway and in the residential area. Because of this, it is exposed to air pollution due to exhaust gases from traffic and heating systems in winters. Structural features of Classroom-I and Classroom-II, where measurements are performed, are similar. Heating is conducted via a central heating system; however, there is no cooling system. In both classrooms, there are two double glazed windows in size 180 × 150 cm. Desks and tables are MDF veneered compressed chipboards, floor is precast slabs, doors are woodwork, and windows are fanlight model with an aluminum frame. Classrooms are 60 m 2 and for 40 people.
West Raman Campus was put into action in January, and for the time being, there are only university buildings in the campus. There is a sparse traffic around the campus since it is located 14 km away from town center. In Classrooms-III and Classroom-IV, where measurements are performed, ventilation is done by means of natural methods. For heating, panel radiators are used in central heating system. In the classrooms, there are MDF veneered compressed chipboards desks and tables, Teflon boards, and two double glazed windows. These windows are fanlight model with an aluminum frame. Classrooms are 70 m 2 and for 50 people.
The standards of the parameters, CO 2 , particulate matter, temperature, and relative humidity used in this study, are given in the Table 1 with respect to the countries.
2.4.
Methods. SPSS 17 program was utilized for statistical evaluation of measurement data. Via this program, median, average, standard deviation and maximum and minimum values were calculated. In addition, the relations and correlation coefficients between parameters for indoor and outdoor air were evaluated. Correlation coefficient showed a statistical relationship between independent variables and submitted a value between −1 and 1. While the positive and negative values showed a positive linear relationship and relationships in opposite directions, respectively, 0 values showed that there was no relation between the variables. The statistically significant level of this relationship was determined by comparing the calculated value and a chosen significance level (usually is chosen as 0.05). If value is smaller than the significance level, the relationship is statistically significant. 
Results and Discussion
In Table 2 , the statistical values of all the measured data are given. The descriptive statistics parameters are given as number of measurements, mean, median, and standard deviation, and minimum and maximum values.
Central and West Raman Campus Measurement Results.
Average indoor temperature was ascertained as 19.68 ∘ C and the range of it was 12.10 ∘ C-28.60 ∘ C (Figure 1) . These values are below the standards specified by ASHRAE, MAK, and Hong Kong. Average relative humidity was ascertained as 43.64% and the range of it was 19.50%-73.30% (Figure 2) . It was observed that the average relative humidity complies with the ASHRAE standards which have a range of 30-60%. Besides that, it satisfies comfort conditions of MAK, Canada, and Hong Kong. Average carbon dioxide (CO 2 ) value was ascertained as 1415.72 ppm and the range of it was 504-2873 ppm (Figure 3) . It was observed that average carbon oxide value is 1000 ppm above the ASHRAE standards. As a result, all average values of indoor air quality in Central Campus were more adverse than that of West Raman Campus.
Average indoor PM 2,5 values were found as 37 g/m And the average indoor radon concentrations for the study were lower than action level of (200-600) Bq⋅m −3 , advised by the ICRP [21] , but were higher than the mean values reported for the buildings worldwide of 40 Bq⋅m −3 [22] .
SPSS 17 Statistical Analysis
Results. In Table 3 , the significance levels and correlation coefficients ( ) among the parameters used in this study are given. As it is seen in Table 3 , the correlation coefficient between indoor CO 2 amount and number of people is 0.768. It is observed that, especially in winter season, since door and windows are closed, there is a significant increase in CO 2 concentration depending on the number of people. The correlation coefficient between indoor PM 10 values and number of people is 0.263. This can be interpreted in a way that movements and activities of people increase the percentage of particle matter, and the classrooms are not ventilated sufficiently.
The correlation coefficient between indoor CO 2 amount and indoor temperature is −0.409. Because of the fact that there is natural air ventilation due to the open doors and windows and due to the increase in temperature in spring season, CO 2 concentration decreases and this creates graphical fluctuations. The correlation coefficient between indoor temperature and indoor relative humidity is −0.540. Due to the fact that the maximum humidity amount in air increases with an increase in temperature, relative humidity value decreases when temperature increases. The relations between parameters are given in Figure 5 .
As it is seen in Table 3 , the correlation coefficient between indoor temperature and indoor PM 10 values is −0.324. It is observed that there is a relation at a small rate in negative direction. The reason for this is that the ventilation is natural in the spring. The correlation coefficient between indoor relative humidity and outdoor relative humidity is 0.940. This leaks from outdoor to indoor and insufficient indoor heating system causes a high connection between these parameters. The correlation coefficient between outdoor PM 10 and indoor PM 10 values is 0.580. This results from the fact that particulate matters easily leak from outdoor towards indoor. The correlation coefficient between indoor PM 5.0 values and outdoor temperature is −0.261. When the outdoor temperature increases, fresh air circulation occurs through open doors and windows. This causes a decrease in the amount of indoor particulate matters. The relations between these parameters are given in Figure 6 .
The correlation coefficient between indoor PM 1.0 and outdoor PM 10 values is 0.447. It is observed that there is a relation at a small rate in positive direction. The correlation coefficient between the outdoor temperature and indoor PM 10 is 0.332. There is a positive relation between parameters at a small rate. The correlation coefficient between indoor PM 0.5 and indoor PM 5.0 is 0.825. This shows that particulate matters affect each other at a high level. The correlation coefficient between indoor CO 2 amount and outdoor relative humidity is 0.287. It is observed that there is a relation at a small rate in positive direction. The relations between these parameters are given in Figure 7 .
Conclusions
It is observed that the indoor temperature values are below the standards. This shows that the heating system is insufficient in winter season, and the buildings are not insulated sufficiently and there is air escaping due to infiltration. To reach the comfort standards, an efficient central heating system can be recommended. The average relative humidity value satisfies comfort conditions. The fact that the high outdoor humidity level has an effect on indoor relative humidity shows that central heating system is insufficient. An effective air conditioning system is suggested to attain relative humidity standards.
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Average indoor carbon dioxide (CO 2 ) value is higher than the ASHRAE standards. This is caused due to closed doors and windows in winters. The decrease in CO 2 level in spring shows that there is air ventilation in classrooms, even it is not sufficient. An air ventilation system must be constructed to prevent the exceeding indoor CO 2 levels convenient to standards.
The ratio of indoor/outdoor PM 10 average values is calculated as 1.40. This shows that indoor particulate matter amount is higher than the outdoor values. Besides, the average indoor PM 10 values in Central Campus are higher than the average found in West Raman Campus. This difference results from heavy traffic and emission pollutants. To control the amount of indoor particulate matter, air cleaning equipment must be used.
After determining the relations between indoor air quality parameters by using SPSS 17, correlation coefficient and significance levels are found. According to the significance level ( = 0.05), it is found that there are strong positive relationships between the number of people and indoor CO 2 level, also between the outdoor relative humidity and indoor relative humidity, and finally among the particulate matters (PM 0.5 , PM 1.0 , PM 2.5 , PM 5.0 , and PM 10 ). It is also found that there is a medium level positive relation between outdoor PM 10 and indoor PM 5.0 values. There is also a medium level of negative relation between indoor/outdoor temperature and relative humidity level. In addition, there are weak positive relations between outdoor PM 10 values and indoor values of PM 0.5 , PM 1.0, and PM 2.5 and also between outdoor relative humidity and indoor CO 2 levels. There are weak negative relations between indoor temperature and indoor CO 2 and PM 10 values and also between outdoor temperature and indoor CO 2 , PM 5.0 , and PM 10 values. There is a very weak negative relation between the number of people and indoor PM 0.5 , PM 1.0 , PM 2.5 , and PM 5.0 values. At a significance level of (0.05), a relation between radon value and other parameters could not be found. It is thought that the reason for that situation is that radon level is always below a certain value.
The concentrations of indoor radon are found to be changing from place to place. This variation may be attributed to ventilation, humidity, temperature, climatic conditions, air circulation, and soil permeability and also occasionally to wind blowing among the buildings. It is important to build educational institutions outside the city center. This can decrease the level of exposure to exhaust gases led by traffic, air pollution caused by heating systems of settlements. It must also be ensured that the buildings should be built in the places where they can get enough sunlight.
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